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The role of micro-organisms in the growing of edible higher fungi is very i mportant. It is evident that in commercial cu ltivation mostly m~xed cultures of higher fungi as well as specific micro-organisms are applied, which often form associations of mutually influencing partners.
Micro-organisms and mushrooms (Agaric~s bisporus, A. bitorquia)
Especially important are micro-organisms in the culture of the mushroom Agaricus bisporus (Lange) Singer.They -form during the composting of horse manure a _suitable medium for the mushroom, -inf luence the growth of the mushroom mycelium, accompanying it in the compost, -provo~e the formation of mushroom fruit-bodies when colonizing the casing layer.
Micro -organisms inhabiting mushroom compost du ring fermentation
Micro-organi sms colonizing the mushroom compost during fermentation, i.e. during composting of hors e manure or other organic raw·materials on piles, and during so-called pasteurization can be regarded as active factors in the preparation of the mushroom nutrient medium. They c hange the chemical composition of the compo s t and its physical properties, and make the growth of competitive micro-organisms more difficult . The first more det a iled data on micro-organisms inhabiting the mushroom compost were published by W a ksman et al. (1939) . They had found that at temperatur'e 50-65' C the compost was colonized mostly by thermophilic actinomycete s and bacteria, and at 50° C by the thermotolerant fungi Monospora s pp., S opedonicum spp. Bels -Koning et al. (1962) and Fergus (1964) had drawn attention to the importance of the thermotolerant fungus Humicola spp . In recent years changes in the populations of micro-organism 3 and the function of the individual species and groups in the mushroom compost during fermentation have been studied more thoroughly. Although the methods applied by various authors were different, the results were consistent of the whole: -Number of micro-organisms growing at 25° C decreases and number of thermotol erant and thermophilic micro -organisms increases. The dominant types of micro -organisms are as follows : mesophilic and thermotolerant sporulating bacteria and quickly growing thermotolerant fungi (Phycomyces-Mucor spp . , etc . ) at the start of the fermentation processes; thermophilic actinomycetes (Str eptomyce s thermovulgaris, Thermomonospora spp. etc.) and non-sporulating bacteria (Pseudomonas spp.) during the maximal period of the fermentation process; and non-sporulating bacteria and thermotolerant fungi (Humicola spp.) at the end. -Various groups ·or micro-organisms t a ke part in the decomposition of various substances of plant origin and in the formation of new substances. Some thermophilic actinomyces and thermotolerant fungi decorrlp)se cellulose. Bacteria accompanying these micro-organisms do not decompose cellulose; however, the decomposition continues more quickly when they are present: They produce the polysaccharides which are 2-9 times better utilized by the mushroom mycelium than glucose alone (Stan~k 1971, Eddy & Jacobs 197~.
-Some thermophilic actinomycetes produce amino acids (Park 1971) which are utilized by the mushroom as a source of nit rogen; perhaps the microbial cell -pro teins are utilized directly, too (Wood 1974 , Eddy & Jacobs 1976 
Bacteria associated with mushroom mycelium ahd functioning in the hyphosphere
The number of bacteria and fungi decreases during the period that the mushroom mycelium colonizes the compost. In the vicinity of mushroom hyphae gram -negative bacteria predominate whose properties are different from bacteria occurring in compost without mushroom mycelium. The majority of them grow poorly i n nutrient solutions containing mineral nitrogenous substances and glucose as the source of carbon . The growth of some strains (38%) was stimulated by the f i ltrate of pure liquid mushroom culture. Bacteria occurring on the surface of mushroom mycelium utilized preferentially glutamic acid, less arginine, ala nine, cystine and aspartic acid. The culture filtrate o f these bacteria stimulated growth of mushroom mycelium (in average by 37%), Stan~k 1976).
Micro-organisms occurring in the surrounding of mu s hroom hyphae were called "hyphosphere" micro -organisms and the area close to particular hyphae 11 hyphosphere" (the term "hyphosphere" was first used in 1953 by Thornton who described a similar phenomenon in the hyphae of the fungus Rhizoctonia solani). It is considered probable that the advantageous intera ction be t ween mushroom mycelium and hyphosphere micro -organisms enables a rapid colonization of compost with mushroom mycelium. lt seems that during the colonizat i on of the compost (during "spawn-run") the mushroom preferentially uses bacterial polysaccharides (Eddy & Jacobs 1976) or lignoprotein and then -from the stage of initiation of fruit-bodies (''pinning '') onwards -it u s es cellulose (Gerrits 1969) , too. The quantity and quality of the population of micro-organ i sms in the substrate change during the cropping, too (Stan~k et al. 1976 ). The highest amounts of micro-organisms were ascertained in the substrate in the period of the highest mushroom yields . The function of these micro-organisms is as yet unknown .
Effect of micro-organisms on fruit -body formation
The casing layer is the site of a critical change in the development of the mushroom that occurs when the mycelium forms a primordium which then develops into a fruit-body. The investigation of Eger (1962) showed that micro-organisms to?k part in this change leading to primordium formation. Hayes et al. (1969) studied the activities of some strains of Pseudomonas putida which they· found to be active in promoting the fruiting of A. bisporus in pure culture . Ferrou s ion wa s found to stimulate fruiting and it wa s suggested that P. putida and other organisms stimulate fruiting by ~eleasing ferrous ions (Hayes 1971) . Couvy 1976 studied the fruiting of A. biaporus in sterile medium and Imbernon (1974) the microbiology of casing materials during growth and fruiting of the mushroom. It seems that the most important role belongs to the inhibitors -the volatile metabolites produced by the mushroom mycelium and inactivated in the presence of the micro-organisms .
Interactions between micro-organisms and Agaricus bitorquis
The same interactions take place between micro-organisms and A. bitorquis (Qu61.) Sacc. as in the culture of A. bisporus. The only important difference is in the formation of fruit-bodies: the formation of primordia proceeds well without bacteria in the medium, too .
Micro-organisms and other cultivated edible fungi Grabbe (1977) divided the species of cultivated edible higher fungi into two groups: "primary destroying fung i ":and "secondary destroying fungi". The first group comprises the species colonizing relatively micro-organism-free substrates, i.e. phytopathogenic and wood-destroying fungi: Pleurotus ostreatus and other species of Pleurotus, Kuehne?'omyces (Pholiota) ~ mutabilis~ Lentinus edodes, etc. These fungi are more responsive to microbial activity than those of the other group which comprise species (Stropharia rugoso-annulata, Volval"iella volvacea, etc.) that -~~lonize the-SUbStrate inhabited already before by micro-organisms, similarly as in the case of A . bisporus.
The original methods of cultivation of these ''pr i mary destroy i ng fungi '' utilized the nutrient substrates inhabited poorly by micro-orga nisms, mostly wood . The other methods aimed at cultivation on steriLized s ubstrates. The investigations done in Hungary (Gyurk6 1971) and in Czechoslovakia (Stan~k & Ry §ava 1971) showed that the cultivation of these fungi was possfule in materials fermented at 50-60° C for a few days only. It has been demonstrated that the short-term fermented substrates (wheat straw, maize cobs, etc.) were mostly colonized by spor e -forming bacteria B. mace?'ans) . Some of these bacteria ha ve produced antiobiotics and polysaccharides which inhibit the growth of competitive micro -organism s (Gyurk6 197~, Mrazkova & Stan~k 197~) .
In our experiments the mycelium of P.ostreatus grew better in substrates inoculated with selected strains of bacteria~-macerans) before the fermentation than in those not inoculated . After the i noculation of the substrate the yield in the cult ure of P. ostreatus was higher (Mrazkova et al. 1977) .
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Conclu s ions. Practical application of results
The ~n der st nding of the fact that the micro -o rganisms colonizing the nutrient subs trates and mycelia of the higher fungi form a mixed culture enables the preparation of new me hods of cultivation of various fungi. For instance , in the cultiv tion of the mushroom A. bispo r us the problems of correctly performed ferment a tion " in bulk" (Edwards 1977 , Vedder 1977 and the problems of improved control over the cropping (Flegg 1976) a r e much discussed at present. 
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